been applied in the form of manure or fertilizer. In a recent survey of swine producers in Minnesota, only (1991) reported that large midseason N fertilizer appliwhen the application exacerbated an already present disease pressure.
kg N ha Ϫ1 . Schmidt et al. (2000) Few reports exist in the literature on the effects of from either manure rate, and response to manure application was not preplant manure applications on soybean production.
the same for every cultivar. Except for this latter site, seed yield
Some of the agronomic concerns with applying manure response to increasing manure rate was either favorable or innocuous, for soybean include potential adverse effects on seed despite increased lodging. Manure application to soybean appears to yield, lodging, and disease incidence. Wallace et al.
be an acceptable management practice regardless of cultivar, except (1991) reported that large midseason N fertilizer appliwhen the application exacerbated an already present disease pressure.
cations (150 kg N ha Ϫ1 at R1 to R5) caused soybean seed yield decreases on a taller indeterminate cultivar compared with a shorter determinate cultivar. The de-I n recent years, as the size of confined swine produccrease was attributed to increased lodging caused by tion facilities has increased there has not been a conexcessive vegetative growth from the N application and comitant increase in the crop land area to which manure an increased incidence of white mold infection. Reese from these facilities is applied. Conventional wisdom and Buss (1992) reported that small preplant N applicadictates that manure should be applied to crops that tions (28 kg N ha Ϫ1 ) did not affect lodging, while Bharati utilize the N, and for most swine producers in the Upper et al. (1986) found that large preplant N applications Midwest this means manure applied for corn (Zea mays (up to 270 kg N ha Ϫ1 ) did cause lodging. Several other L.). Given that the common crop rotation on farms with researchers have also reported that lodging can reduce a swine operation in this geographic region is cornyield (Weber, 1966; Cooper, 1971a Cooper, , 1971b Hoggard et soybean, approximately half of the total acres of a farm al., 1978) . In these studies, the factors attributed to obshould be in corn production any 1 yr and consequently served lodging differences were cultivar, planting date, available for manure applications. As the size of swine row spacing, and seeding rate. If lodging is a problem facilities increase, the potential for environmental risks associated with manure application to soybean, then associated with an over-application of manure for corn cultivar selection could affect yield responses to manure. increases (Schmitt et al., 1996) . To minimize these risks, The direct effect of N on the growth response of a producers must either obtain additional corn land area specific cultivar may be important. Lawn and Brun or consider an alternative crop to receive the manure.
(1974) reported that two cultivars included in their study Soybean requires considerable amounts of N to proresponded (increased seed yield) to N applied after the duce a crop, regardless of whether this N is fixed from end of flowering. Wood et al. (1993) reported that seed the atmosphere or removed from the soil where it has yields were only affected in one of two cultivars studied, and the response was inconsistent. An 11.8% increase or spring before the growing season. Manure samples were collected at each location and analyzed for nutrient content. The previous crop at each site was corn.
METHODOLOGY
Soybean was planted between 12 May and 3 June, which was typical for southern Minnesota. Aboveground plant samples Field studies were conducted at seven locations in southern were collected during the first week of September (before leaf Minnesota during 1996 and 1997. Soils at these sites developed drop) to estimate N uptake of the plants at the R6 growth from either loess or glacial till and are typical of the soybean stage (Iowa State Univ., 1985) . Within each 4-row plot, two production region of the Upper Midwest (Table 1) . Soil test 76-cm lengths of row were collected from the middle two rows P and K levels from these sites were sufficient for optimum (between 20 and 100 cm from the end of the plot). These soybean growth (greater than levels that would warrant a P samples were weighed, dried, ground, and then analyzed for and K recommendation for soybean production in Minnesota; total Kjeldahl N. Lodging scores were obtained at maturity Rehm et al., 1995) . Soil samples were collected in mid-June (R8 growth stage) and ranged from 1 (upright) to 5 (flat). to determine soil NO 3 -N and NH 4 -N concentration. Within White mold ratings were determined at the R6 growth stage each plot, eight 30-cm soil cores (2.5 cm i.d.) were collected and were based on a visual estimation of percent dead plants. from within the center two rows. These samples were comSeed yield (adjusted to 13% moisture) was determined at bined, dried, ground, and analyzed for NO 3 -N and NH 4 -N physiological maturity by harvesting the middle two rows of (Keeney and Nelson, 1982) .
the plot (end-trimmed to 8 m) using a small-plot combine. Whole-plot treatments included three manure rates (zero, Treatment effects were considered significant at the 10% low, and high) with split-plot treatments consisting of 12 indiprobability level using an F test in PROC GLM (SAS Inst., vidual soybean cultivars (Table 2 ). These 12 soybean cultivars 1988). An example analysis of variance is provided in Table  were selected to represent the range in lodging and maturity 3, using error terms with location as a random variable as potential for cultivars grown in southern Minnesota. All cultidescribed by McIntosh (1983) . Single-degree of freedom convars were capable of fixing N 2 . Nitrogen availability (Table 1) trasts were used to evaluate the linear effects of manure rate from the manure was estimated to be 65% of total N (Schmitt, and to compare the control with the nonzero manure rates. 1995). Each subplot was 3 m wide (four rows, 76-cm spacing) these three locations, a single negative response ob- † Coefficient of variation.
RESULTS AND DISCUSSION
served for the 12 cultivars is probably an agronomically acceptable risk. Minimizing adverse environmental impacts of manure application without compromising soy- (Table 4) . At three locations (Austin, Lamberton, and bean production potential should be a desirable strategy Waseca), seed yield increased with increasing manure for producers with land constraints for swine prorate for most of the cultivars-between 5 and 11 deduction. pending on the location (Fig. 1) . Few positive responses Soybean seed yield response at Lake Crystal can be were detected at Goodhue, Kasson, and Northrop (Fig. contrasted to results obtained from the other six loca-1). Seed yield for the nonzero manure rates was greater tions (Fig. 1) . Seed yield was adversely affected by the than yield from the control for only two cultivars at manure treatments for six cultivars, including 'A1900', Goodhue, while a linear response was observed for two 'Sturdy', 'Granite', 'Archer', 'Leslie', and 'Kato'. For other cultivars. At Kasson, seed yield increased with example, seed yield for 'A1900' with the zero manure manure rate for three cultivars, but decreased with inrate was 3.41 Mg ha Ϫ1 , but yield decreased to 2.76 Mg creasing manure rate for one cultivar. And at Northrop, ha Ϫ1 with the high manure rate. Although available soil a linear increase in seed yield with increasing manure N in mid-June was similar to the soil N concentration rate was observed for only two cultivars. The responses observed at Goodhue, Kasson, and Northrop, exceeding at Lake Crystal could be distinguished as an individual 20 mg kg Ϫ1 , the incidence of white mold was greater category. Seed yield was adversely affected by increasthan observed at any other location. Visual scores at ing manure rate for six cultivars (Fig. 1) . Although the Lake Crystal ranged up to 10% dead plants at R6, althree-way interaction between location, manure rate, though a statistically significant relationship between and cultivar implies differences among cultivars, consisthese scores and specific cultivars could not be estabtent trends for specific cultivars were difficult to deterlished (data not shown). Based on indigenous knowlmine. However, general trends were probably related edge of the Lake Crystal field, a white mold history to unique location characteristics.
in soybean existed at this location. White mold was Seed yield response to increasing manure rate was observed at only one other location, but visual scores most favorable at the Austin, Lamberton, and Waseca did not exceed 4% for any of the plots. The divergent locations. At Austin, yield increased linearly with inresults from Lake Crystal could not be statistically atcreasing manure rate, and average yield for the nonzero tributed to a single factor. However, circumstantial evimanure rates was greater than yield from the control dence suggested that the less than favorable soybean for all cultivars except 'P9151' (Fig. 1) . Similarly at Lamresponse to manure application in this field was associberton, yield increased with increasing manure rate for ated with white mold. Results from the Lake Crystal 8 of 12 cultivars. Cultivars that did not respond to the location support similar results by Wallace et al. (1991) , manure treatments included 'Bert', 'Parker', 'IA 2008', in which decreased soybean yield was attributed to exand 'P9151' (Fig. 1) . The response to manure was similar cess lodging and high incidence of white mold. These at Waseca, although with a significant response for fewer results illustrate that soybean cultivar selection can have cultivars as compared with Lamberton or Austin. Cultia large impact with respect to manure application when vars that responded favorably to the manure treatment white mold disease is present. at Waseca included 'Bert', 'Kato', 'Leslie', 'Parker', and Soybean response was generally positively affected 'Archer' (Fig. 1) . The unique feature observed for each or unaffected by manure application at six of seven field of these locations, possibly contributing to the favorable locations in southern Minnesota. Although a significant seed yield response to increasing manure rate, was relainteraction effect (cultivar ϫ location ϫ manure rate) tively low inorganic soil N concentration observed early was observed for seed yield response, average seed yield in the growing season. At the Austin, Lamberton, and increased linearly with increasing manure rate for six Waseca locations, available soil N (NO 3 -N and NH 4 -N, locations (Table 5 ). When yield increase was expressed 0-30 cm depth) ranged from 13.6 to 14.3 mg kg Ϫ1 in mid-June (Table 1) . In contrast, available soil N in midper unit of available N applied, the average yield in- crease observed at Austin, Lamberton, and Waseca 4 and 5), increasing between 1.8 and 4.3 kg kg Ϫ1 of applied N for the Austin, Kasson, Lamberton, and Waranged from 0.9 to 2.3 kg kg Ϫ1 of applied N (Table 5) . A seed yield increase with increasing manure rates was seca locations. Biomass was unaffected by manure rate at the Northrop, Goodhue, and Lake Crystal locations. also observed at Northrop, Goodhue, and Kasson, but average response did not reflect the predominant seed An average increase in N uptake with increasing manure rate was observed regardless of location (Table 4) , yield response observed at these locations; consequently, average response should not be considered the but an interaction among locations was not detected. Average amounts of N uptake for the zero, low, and general response for all cultivars. In contrast, the average seed yield decrease with increasing manure rate high manure rates were 200, 215, and 219 kg N ha Ϫ1 . Because soil P and K levels were more than adequate observed at Lake Crystal was Ϫ0.5 kg kg Ϫ1 of applied N. Similar to the results observed at Northrop, Goodhue, at each field location, the favorable seed yield response to increasing manure rate was likely a response to the and Kasson, a cultivar ϫ manure rate interaction indicated that all cultivars did not respond the same.
additional N supplied. These results support the somewhat inconsistent results presented in the literature. AlSimilar to general trends observed for seed yield responses, a linear increase in biomass at R6 with increaslos and Bartholomew (1955), George and Singleton (1992) , and Wesley et al. (1998) generally, but not aling manure rate was observed at four locations (Tables ways, observed a soybean seed yield increase with fertilyield, regardless of cultivar at those locations without a high incidence of white mold. izer N applications. Schmidt et al. (2000) did not observe any seed yield response with increasing N rates for the The only consistently negative agronomic response, regardless of location and cultivar, was the linear innodulating isoline evaluated in their study. The inconsistency in yield response to N among studies, or among crease in lodging with increasing manure rate. However, there was a significant cultivar ϫ manure interaction locations within studies, may be a consequence of different levels of available soil N inherent to each field loca-( Table 4 ), indicating that for some cultivars the addition of manure had a greater impact on lodging than for other tion. In this study, those locations with smaller amounts of available soil N in mid-June were those locations at cultivars (Table 6 ). For example, the lodging scores for cultivar 'IA2021' ranged from 2.1 to 2.4 (an increase of which a positive response to manure application was observed for a greater number of cultivars. Manure is 0.0003 kg Ϫ1 of applied N), while the lodging scores for the soybean cultivar 'IA2008' ranged from 2.3 to 3.1 a unique source of N that supplies available N throughout the growing season. As a consequence of continual (an increase of 0.0025 kg Ϫ1 of applied N). The responses observed for these two cultivars represented the ex-N mineralization, the slow release of N appeared to be beneficial, or at minimum innocuous, to soybean seed treme ranges in lodging score increases with manure rate (Table 6 ). Although the rate of increased lodging increasing manure rate (avg. 1.4 kg kg Ϫ1 of applied N),
